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(54) Path detection apparatus in CDMA reception device 



(57) A path detection apparatus for use in a CDMA 
reception device includes: storage means (16) for stor- 
ing a delay profile; and path detection means (28) for 
detecting a path by reading the delay profile from the 
storage means (16), and performing a rake-combining 
process based on the read delay profile. With the con- 
figuration, the path detection means includes: reference 
path detection means (22) for detecting a reference path 



for detection of a probable path based on the delay pro- 
file read by the storage means (16); and detection 
means (28) for detecting as a probable path in the rake- 
combining process a path existing in a path detecting 
time in which reception characteristic of the CDMA re- 
ception device can be improved from the detecting time 
of the reference path detected by the reference path de- 
tection means. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present Invention relates to a path detection apparatus in a CDMA reception device and, more specifically, 
to a path detection apparatus capable of eliminating the misidentification of a path as soon as possible. 

10 Description of the Prior Art 

[0002] A well-known path detecting method for use with the CDMA reception device generates a delay profile, and 
detects N (N indicates a natural number determined by the number of fingers) paths having high reception levels in 
the delay profile as the paths to be rake-combined. 
15 [0003] The delay profile shows the reception level with the lapse of time as shown in FIG. 12. The delay profile is 
generated as follows. The horizontal axis shown in FIG. 12 indicates time with a scale indicating 1/4 chip. The vertical 
axis indicates a reception level (code correlation value). One chip refers to a basic unit time in which a received signal 
is despread. 

[0004] A reception level at a timing E1 is measured by despreading a received signal using a spread code replica 

20 at the timing E1 . The timing E1 is set to the timing of the resolution for one chip, for example, the timing of 1/4 resolution. 
[0005] After the measurement at the timing E1 , the one resolution timing is shifted, and the reception level is meas- 
ured forthe shifted timing. That is, the reception levels of the timings E2, E3, E4, ... in FIG. 12 are sequentially measured. 
The frequency L of the measurement is the value determined by the search window size when a delay profile is gen- 
erated in the multi-path search range. 

25 [0006] The delay profile is thus generated by the L measured reception levels and the spread code replica. 

[0007] FIG. 1 3 shows the configuration of the apparatus for use with the above mentioned conventional path detecting 
method. As shown in FIG. 13, the path detection apparatus is configured by despreading means 12, spread code 
replica generation means 14, a storage unit 16, highest reception level detection means 22, path detection means 
4-28, and path masking means 30. 

30 [0008] For input into the despreading means 1 2, a high frequency signal received by an antenna 1 1 is down-converted 
by a high frequency reception circuit 13, and a received signal obtained by performing a A/D conversion by a AID 
conversion circuit 15 on the down-converted signal is provided. The received signal is provided for a finger 17, and 
the finger 17 outputs a signal (demodulated signal) despread based on the paths to be rake-combined (described 
later) . The demodulated signal is provided for a rake reception circuit 19 and rake-combined. The rake-combined 

35 signal is provided for the circuit which regenerates received data not shown in the attached drawings. 

[0009] In the despreading means 12 for receiving the received signal, the reception levels of a delay profile are 
sequentially generated using the spread code replica provided by the spread code replica generation means 14. The 
sequentially generated reception levels of the delay profile are stored in the storage unit 16. 
[0010] The highest reception level detection means 22 reads the delay profile stored in the storage unit 16, and 

40 detects a path having the highest reception level as a reference path using the delay profile (SC1 shown in FIG. 14). 
[0011] The path masking means 30 performs a masking process on the paths within ±3/4 chip from the path to be 
rake-combined (SC2 shown in FIG. 14). 

[0012] The path detection means 4-28 sets the reference path detected by highest reception level means 22 as a 
path to be rake-combined (SC3 shown in FIG. 14). 
45 [001 3] If the paths to be rake-combined for respective fingers have not been detected before this process (N in SC4 
shown in FIG. 14), the highest reception level detection means 22 defines as a new reference path the path having 
the highest reception level in the paths having the reception levels lower than the reception level of the current reference 
path, thereby returning control to the process in step SC2 (SC5 shown in FIG. 14). 

[0014] The above mentioned processes in steps SC2 to SC5 are repeated until the paths to be rake-combined for 
so respective fingers can be detected. 

[0015] When the paths to be rake-combined for respective fingers are detected (Y in SC4 shown in FIG. 4), the 
process of detecting a path terminates. 

[0016] The detected paths are rake-combined for respective fingers by the rake reception circuit 1 9 after the detec- 
tion. 

55 [0017] The above mentioned conventional path detecting method detects N (N indicates the number of fingers) paths 
from the highest reception level sequentially to lower reception levels in the generated delay profile as the paths to be 
rake-combined. 

[0018] Therefore, if the delay profile is, for example, as shown in FIG. 15 (the horizontal axis shown in FIG. 15 



EP 1 289 161 A2 



indicates time with a scale indicating 5 chips, and 24 dots of reception levels measured by 1/4 chip resolution in one 
chip, and the vertical axis Indicates a reception level (code correlation value)), and the peaks of the reception levels 
of the paths to be correctly rake-combined are F1, F2, and F3. The peaks relating to the interference of noise and 
fading or relating to code correlation are F4 and F5. Additionally, the peak relating to the interference between the path 
5 of the peak F1 and the path of the peak F2 appears as F6. Under the condition, if the number N of the fingers is 6, 
then the peaks F1 to F6 are all detected as the paths to be rake-combined. Therefore, the paths of the peaks F4 to F6 
which are not to be rake-combined are misconceived as the paths to be rake-combined, thereby lowering the reception 
characteristic. 

[0019] The ±n (n indicates a natural number determined by the resolution when a delay profile is generated) paths 
10 from the path detected as the path to be rake-combined are masked. Therefore, although the paths are to be effectively 
rake-comblned, they are excluded. 

[0020] Japanese Patent Lai d-Open No. 2000-1 1 5030 (first well-known reference) discloses a CDMA reception device 
for reducing the deterioration of the reception characteristic by avoiding frequent switch of path timings obtained in the 
above mentioned conventional path detecting method. 

15 [0021] That is, as shown in FIG. 1 6, the high frequency signal received by the antenna 11 is down-converted by the 
high frequency reception circuit 13, the signal output from the high frequency reception circuit 13 is A/D converted by 
the A/D conversion circuit 15, and the A/D converted received signal is provided for a sliding correlator 60. 
[0022] The sliding correlator 60 generates a delay profile. A delay profile power addition unit 62 performs the process 
of leveling the path fluctuation by the fading, etc. on the generated delay profile, and an arithmetic unit 64 multiplies 

20 the delay profile on which the leveling process has been performed by a weight function from a status weight unit 66. 
A correlation peak position detection unit 68 which receives the weighted delay profile detects a path timing. The 
detected path timing is provided for a rake path assignment unit 70. The rake path assignment unit 70 assigns a path 
position to the finger 1 7, and sets a weight function . The method of setting a weight function by the rake path assignment 
unit 70 is to increase a peak value in the current path assignment position. 

25 [0023] The arithmetic unit 64, the status weight unit 66, the correlation peak position detection unit 68, and rake path 
assignment unit 70 are in a DSP 74, the programstored in control memory 72 is read by the program execution unit 
(not shown in the attached drawings) of the DSP 74, and the program is executed therein to perform the function. 
[0024] The above mentioned settings of a weight function works such that a path assigned to the finger portion can 
be set at a higher level. 

30 [0025] Therefore, although a state in which path timings frequently switch occurs, the switch can be avoided. 

[0026] The method of detecting a path timing disclosed in the above mentioned first well-known reference is a method 
of detecting paths to be rake-combined for respective fingers from a generated delay profile in order from the highest 
reception level as shown in steps SD1 to SD4 shown in FIG. 22. 

[0027] Therefore, the method of detecting a path timing disclosed in the above mentioned first well-known reference 
35 is the same as the above mentioned conventional path detecting method, and there is the above mentioned techno- 
logical problem. 

[0028] Japanese Patent Laid-Open No. 1 0-336072 (second well-known reference) discloses a technological means 
for solving the above mentioned problem. 

[0029] The rake receiver disclosed by the second well-known reference is configured as shown in FIG. 18, and 
40 includes the despreading means 12, spread code replica generation means 14, a storage unit 16, highest reception 
level detection means 22 lowest reception level detection means 52, first multiplication means 54, second multiplication 
means 56, the path masking means 30, and path detection means 5-28. 

[0030] A received signal A/D converted by the A/D conversion circuit 15 shown in FIG. 13 is provided as input into 
the despreading means 12 as shown in FIG. 13. 

45 [0031] In the despreading means 1 2 which receives the received signal, the reception levels of the delay profile are 
sequentially generated using the spread code replica provided by the spread code replica generation means 14. The 
sequentially generated reception levels of the delay profile are stored in the storage unit 16. 
[0032] The highest reception level detection means 22 reads the delay profile scored in the storage unit 16, and 
detects the highest reception level using the delay profile. The lowest reception level detection means 52 reads the 

50 delay profile stored in the storage unit 16, and detects the lowest reception level using the delay profile. The first 
multiplication means 54 computes a first threshold G1 by multiplying the highest reception level detected by the highest 
reception level detection means 22 by a first threshold coefficient. The second multiplication means 56 computes a 
second threshold G2 by multiplying the lowest reception level detected by the lowest reception level detection means 
52 by a second threshold coefficient (SE1 shown in FIG. 19). 

55 [0033] The highest reception level detection means 22 detects the highest reception level using the delay profile 
stored in the storage unit 16, and also detects a path having the detected highest reception level as a reference path 
(SE2 shown in FIG. 19). 

[0034] The path detection means 5-28 determines whether or not the reception level of the reference path detected 
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by the highest reception level detection means 22 is larger than the first threshold G1 output by the first multiplication 
means 54 and the second threshold G2 output by the second multiplication means 56, and detects the path as a path 
to be rake-combined when it is larger (Y in SE3 shown in FIG. 19). 

[0035] The path masking means 30 masks the paths within ±3/4 chip from the path defined as the path to be rake- 

5 combined (SE4 shown in FIG. 1 9). 

[0036] The above mentioned reference path is detected as a path to be rake-combined (SE5 in FIG. 19) 
[0037] If the paths to be rake-combined for respective fingers have not been detected before the above mentioned 
process (N in SE6 shown in FIG. 19), the path detection means 5-28 defines as a new reference path the path having 
the highest reception level in the reception levels lower than the level of the current reference path, thereby returning 

10 control to the process in step SE2 (SE7 shown in FIG. 19). 

[0038] The above inentioned processes in steps SE3 to SE7 are repeated until the paths to be rake-combined for 
respective fingers can be detected. 

[0039] When the paths to be rake-combined for respective fingers are detected (Y in SE6 shown in FIG. 19), the 
path detecting process terminates. 
15 [0040] The detected paths for respective fingers are rake-combined after the detection by a rake reception circuit 
connected to the path detection means 5-28 (refer to 19 shown in FIG. 13). 

[0041] The path defecting method described in the above mentioned second well-known reference performs on each 
reference path a masking process of excluding paths within ±3/4 chip from the reference path. Therefore, only the 
paths having the reception levels exceeding the first threshold G1 and the second threshold G2 are detected as paths 

20 to be rake-combined as shown in FIG. 20. The horizontal axis shown in FIG. 20 indicates time, and the display is the 
same as that shown in FIG. 15. The vertical axis indicates a reception level (code correlation value). 
[0042] Therefore, in the peaks of the reception levels, the paths having the peaks F1 , F2, and F3 are detected as 
the paths to be rake-combined. However, it is possible to determine that the paths having the peaks F4, F5, and F6 in 
the peaks of the reception levels are not to be rake-combined. 

25 [0043] Nevertheless, when a delay profile contains the paths to be rake-combined having reception levels between 
the reception levels H1 and H2 as shown in FIG. 21, the reception characteristic can be improved by rake-combining 
the paths having the reception levels H1 and H2 as the paths to be rake-combined. The horizontal axis shown in FIG. 

21 indicates time with a scale indicating 1/4 chip. The vertical axis indicates a reception level (code correlation value). 
[0044] However, in the path detecting method described in the above mentioned second well-known reference, the 

30 highest reception level and the lowest reception level are detected as mentioned above, the first threshold G1 and the 
second threshold G2 are computed from these reception levels, it is determined whether or not the highest reception 
level, in the above mentioned example, the reception level H1, is larger than the first threshold G1 and the second 
threshold G2, and the path having the reception level H1 is determined to be a path to be rake-combined. However, 
since the paths within ±3/4 chip from the path having the reception level H1 are masked (the shadowed portion shown 

35 jn FIG. 21 refers to a masked portion), the reception level H2 which is the second highest level following the reception 
level H1 is removed from the levels of the paths to be rake-combined, thereby failing in improving the reception char- 
acteristic. That is, there is the problem that the reception characteristic is lowered than in the case in which the paths 
to be rake-combined includes both reception levels H1 and H2. 

[0045] When the paths to be rake-combined (having the reception levels 12 and 13 or the reception level between 
40 the reception levels 12 and 13) exist in the timing close to the path to be rake-combined (reception level 11 ) in the delay 
profile as shown in FIG. 22, and interfere with one another, the path having the reception level 11 is detected as a path 
to be rake-combined in the path detecting method described in the second well-known reference. However, the paths 
having the reception levels 12 and 13 or the reception level between the reception levels 12 and 13 (the shadowed portion 
shown in FIG. 22 refers to the masked portion) are also excluded from the paths to be rake-combined in the above 
45 mentioned masking process, thereby inevitably lowering the reception characteristic. The horizontal axis shown in FIG. 

22 indicates time with a scale indicating 1/4 chip. The vertical axis indicates a reception level (code correlation value). 

BRIEF SUMMARY OF THE INVENTION 
50 Object of the Invention 

[0046] The present invention aims at providing a CDMA reception device capable of possibly reducing the miscon- 
ception of a probable path when the probable path is to be detected in a delay profile. 

55 Summary of the Invention 

[0047] A path detection apparatus in a CDMA reception device includes: storage means for storing a delay profile; 
and path detection means for detecting a path by reading the delay profile from the storage means and performing a 
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rake-combining process based on the read delay profile. With the configuration, the path detection means includes 
reference path detection means for detecting a reference path for detection of a probable path based on the delay 
profile read from the storage means; and detection means for detecting as a probable path in the rake-combining 
process a path existing in a path detecting time in which the reception characteristic of the CDMA reception device 
5 can be improved from the detecting time of the reference path detected by the reference path detection means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] The above mentioned and other objects, features and advantages of this invention will become more apparent 
10 by reference to the following detailed description of the invention taken in conjunction with the accompanying drawings, 
wherein: 

FIG. 1 shows the electric configuration of the path detection apparatus in the CDMA reception device according 

to a first embodiment of the present invention; 
15 FIG. 2 is a flowchart showing a part of the process procedure of the path detection apparatus; 

FIG. 3 is a flowchart showing the rest of the process procedure of the path detection apparatus; 

FIG. 4 shows a first example of a delay profile generated by the path defection apparatus; 

FIG. 5 shows a second example of a delay profile generated by the path detection apparatus; 

FIG. 6 shows a third example of a delay profile generated by the path detection apparatus; 
20 FIG. 7 shows the electric configuration of the path detection apparatus in the CDMA reception device according 

to a second embodiment of the present invention; 

FIG. 8 is a flowchart showing a part of the process procedure of the path detection apparatus; 
FIG. 9 is a flowchart showing the rest of the process procedure of the path detection apparatus; 
FIG. 10 shows an example of a delay profile generated by the path defection apparatus; 
25 FIG. 11 shows the electric configuration of the path detection apparatus in the CDMA reception device according 

to a third embodiment of the present invention; 

FIG. 1 2 is an explanatory view showing an example of generating a delay profile in the conventional path detection 
apparatus; 

FIG. 1 3 shows the electric configuration of the path detection apparatus in a conventional CDMA reception device; 
30 FIG. 14 is a flowchart of the process procedure of the path detection apparatus; 

FIG. 15 shows an example of a delay profile generated by the path detection apparatus; 

FIG. 1 6 shows the electric configuration of the path detection apparatus in another conventional CDMA reception 

device; 

FIG. 17 is a flowchart of the process procedure of the path detection apparatus; 
35 FIG. 1 8 shows the electric configuration of the path detection apparatus in a further conventional CDMA reception 
device; 

FIG. 19 is a flowchart of the process procedure of the path detection apparatus; 
FIG. 20 shows a first example of a delay profile generated by the path defection apparatus; 
FIG. 21 shows a second example of a delay profile generated by the path detection apparatus; and 
40 FIG. 22 shows a third example of a delay profile generated by the path detection apparatus. 

DETAILED DESCRIPTION OF THE INVENTION 

[0049] The embodiments of the present invention are described below by referring to the attached drawings. The 

45 specific explanation will be given by referring to practical embodiments. 

[0050] FIG. 1 shows the electric configuration of the path detection apparatus in the CDMA reception device accord- 
ing to a first embodiment of the present invention. FIG. 2 is a flowchart showing a part of the process procedure of the 
path detection apparatus. FIG. 3 is a flowchart showing the rest of the process procedure of the path detection 
apparatus . FIG. 4 shows a first example of a delay profile generated by the path detection apparatus. FIG. 5 shows 

so a second example of a delay profile generated by the path detection apparatus. FIG. 6 shows a third example of a 
delay profile generated by the path detection apparatus. 

[0051] The path detection apparatus according to the present embodiment relates to an apparatus capable of pos- 
sibly reducing the misconception of a probable path when the probable path is to be detected. As shown in FIG. 1 , the 
apparatus comprises the despreading means 12, the spread code replica generation means 14, the Storage unit 16, 
55 the highest reception level means 18, first multiplication means 20, the highest reception level detection means 22, 
second multiplication means 24, third multiplication means 26, a path detection means 28, and the path masking means 
30. 

[0052] At the input of the despreading means 12, a high frequency signal received by the antenna 11 is down- 
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converted by the high frequency reception circuit 13, and the down-converted signal is A/D converted by the A/D 
conversion circuit 1 5 and provided as a received signal. The received signal is provided for the finger 1 7, and a signal 
(demodulated signal) despread based on a probable path described later is output from the finger 1 7. The demodulated 
signal is provided for the rake reception circuit 19 and rake-combined, and the rake-combined signal is provided for 

5 the circuit for regenerating received data not shown in the attached drawings. 

[0053] The despreading means 12 despreads a received signal using a received signal, a spread code replica pro- 
vided by the spread code replica generation means 14, and a timing signal, and sequentially generates the reception 
levels of a delay profile. In this embodiment, a timing of despreading a received signal is set to 1/4 chip resolution. The 
timing signal is provided by timing generation means not shown in the attached drawings. 

10 [0054] The storage unit 1 6 stores the reception levels of the delay profile sequentially generated by the despreading 
means 12. 

[0055] The mean value computation means 18 reads the delay profile stored in the storage unit 16, and computes 
a mean value. 

[0056] The first multiplication means 20 computes a path detection threshold by multiplying the mean value of the 
15 delay profile computed by the mean value computation means 1 8 by the path detection threshold coefficient externally 
provided as a parameter. The path detection threshold coefficient is determined in the CDMA reception device by 
determining the reception characteristic of the CDMA reception device by determining whether or not the reference 
path described below is a path to be rake-combined (hereinafter referred to as a probable path), and performing each 
process described below if it is determined that the path is a probable path. The. example of computing the path 
20 detection threshold coefficient is given below using a value determined by the simulation of the reception characteristic 
with the circuit scale of the CDMA reception device taken into account. That is, the path detection threshold coefficient 
is 3.75. 

[0057] The highest reception level detection means 22 reads the delay profile stored in the storage unit 16, and 
detects a path having the highest reception level as a reference path using the delay profile. 
25 [0058] The second multiplication means 24 computes a 1/4 chip shifted adjacent path threshold by multiplying the 
reception level of the reference path detected by the highest reception level detection; means 22 by a 1/4 chip shifted 
adjacent path threshold coefficient externally provided as a parameter. 

[0059] The third multiplication means 26 computes a 1/2 chip shifted adjacent path threshold by multiplying the 
reception level of the reference path detected by the highest reception level detection means 22 by a 1/2 chip shifted 

30 adjacent path threshold coefficient externally provided as a parameter. 

[0060] The above mentioned 1/4 chip shifted adjacent path detection threshold coefficient and the above mentioned 
1/2 chip shifted adjacent path detection threshold coefficient are path detection threshold coefficients determined by 
the reception characteristic by discriminating a probable path from a non-probable path in the CDMA reception device. 
An example of computing these path detection threshold coefficients is given below using a value determined by the 

35 simulation of the reception characteristic with the circuit scale of the CDMA reception device taken into account. That 
is, 1/4 chip shifted adjacent path detection threshold coefficient is 0.9375, and the 1/2 chip shifted adjacent path de- 
tection threshold coefficient is 0.625. 

[0061 ] The path detection means 28 determines whether or not the reference path detected by the highest reception 
level detection means 22 and the paths within ±3/4 chip from the reference path are to be defined as probable paths 
40 by the path detection threshold computed by the first multiplication means 20, the 1/4 chip shifted adjacent path thresh- 
old computed by the second multiplication means 24, and the 1/2 chip shifted adjacent path threshold computed by 
the third multiplication means 26. 

[0062] The path masking means 30 masks the reference path detected by the highest reception level means 22 and 
the paths within ±3/4 chip from the reference path detected by the path detection means 28. 

45 [0063] Then, by referring to FIGS. 1 to 6, the operations according to the embodiment are described below. 

[0064] The high frequency signal received by the antenna 11 of the CDMA reception device is down-converted by 
the high frequency reception circuit 13, and a down-converted signal is A/D converted by the A/D conversion circuit 
15. The A/D converted received signal is provided for a plurality of fingers 1 7. The fingers 1 7 provide the rake reception 
circuit 19 with a signal despread based on a probable path provided by the path detection means 28 for each finger. 

so [0065] The despreading process based on a probable path in the finger 1 7 can be performed by providing the rake 
reception circuit 19 witha despread signal as a signal of a path to be rake-combined by referring to the reception level 
of the despread signal after receiving the probable path in one finger, and the probable path can be used in the de- 
spreading process in one or more fingers. 

[0066] Furthermore, when the above mentioned received signal and timing signal are provided for the despreading 
55 means 12, and when the spread code replica is provided from the spread code replica generation means 14 to the 
despreading means 12, the despreading means 12 despreads the received signal at each time of the timing signal, 
and sequentially generates the reception levels forming the delay profile. The sequentially generated reception levels 
are sequentially stored in the storage unit 16. 
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[0067] The spread code replica is represented by a sequence of binary signals, and the minimum basic unit time of 
the time period indicating either 1 or 0 is referred to as a chip. The above mentioned timing signal is provided by the 
timing generation means not shown in the attached drawings, and refers to 1/4 chip resolution in this embodiment. 
[0068] The mean value computation means 1 8 reads the delay profile stored in the storage unit 1 6, and computes 
5 the mean value (SA1 shown in FIG. 2). The first multiplication means 20 multiplies the mean value output from the 
mean value computation means 18 by a path detection threshold coefficient, and outputs a path detection threshold 
(SA2 shown in FIG. 2). 

[0069] The highest reception level detection means 22 reads the delay profile from the storage unit 16, computes 
the path having the highest reception level, and defines the path as a reference path (SA3 shown in FIG. 2). 

10 [0070] Upon receipt of the reference path, the path detection means 28 determines whether or not the reception 
level of the reference path exceeds the path detection threshold output by the first multiplication means 20 (SA4 shown 
in FIG. 2). When the reception level of the reference path is lower than the path detection threshold (N in SA4 shown 
in FIG. 2), the path detecting process terminates. 
[0071] The path detecting process terminates for the following reason. 

15 [0072] That is, described below is the case in which a delay profile is generated as shown in FIG. 4. In FIG. 4, the 
horizontal axis indicates time with a scale indicating 5 chips. The vertical axis indicates a reception level (code corre- 
lation value). 

[0073] The peaks A4 and A6 in the delay profile are peaks indicating the interference by noise or fading, or peaks 
indicating code correlation. That is, the paths are not probable paths. The peak A5 exists between the peak A1 of a 
20 probable path and the peak A2 of a probable path, and is generated by the interference between the peaks A1 and 
A2. The path with this peak is not a probable path. 

[0074] Nevertheless, in the conventional path detecting method of detecting probable paths in order from the highest 
reception level of a delay profile, the peaks A4, A5, and A6 are also detected as probable paths. As a result, the 
reception characteristic is lowered. 
25 [0075] However, in determining in step SA4 whether or not the reception level of the reference path has exceeded 
the path detection threshold (A7 shown in FIG. 3), the peaks A4, A5, and A6 shown in FIG. 3 are equal to or lower 
than the path detection threshold A7. Therefore, the peaks A4, A5, and A6 are not detected as probable paths. That 
is, the deterioration of the reception characteristic can be avoided. 

[0076] Since the determination in step SA4 is negative as described above, the shadowed portion in FIG. 4 is masked 
30 in detecting a path. 

[0077] When the reception level of the reference path in the determination in step SA4 shown in FIG. 2 exceeds the 
above mentioned path detection threshold (Y in SA4 shown in FIG. 2), the second multiplication means 24 computes 
a 1/4 chip shifted adjacent path detection threshold by multiplying the reception level of the reference path output by 
the highest reception level detection means 22 by the 1/4 chip shifted adjacent path detection threshold coefficient, 
35 and the second multiplication means 26 computes a 1/2 chip shifted adjacent path detection threshold by multiplying 
the reception level of the reference path output by the highest reception level detection means 22 by the 1 12 chip shifted 
adjacent path detection threshold coefficient (SA5 shown in FIG. 2). 

[0078] After computing these path detection thresholds, the path detection means 28 determines whether or not 
there is a path within ±1/4 chip from the reference path and the reception level of the path exceeds the 1/4 chip shifted 
40 adjacent path detection threshold (SA6 shown in FIG. 2). If it is determined in the affirmative (Y in SA6 shown in FIG. 
2), then the path within ±1/4 chip from the reference path is detected as a probable path, thereby counting up the 
number of probable paths by 1 (SA7 shown in FIG. 2). 

[0079] Then, it is determined whether or not the number of detected probable paths equals the number of fingers 
(SA8 shown in FIG. 2). If it is determined in the affirmative (Y in SA8 shown in FIG. 2), the path detecting process on 

45 the delay profile stored in the storage unit 1 6 at the time terminates. 

[0080] If it is determined in the negative in step SA6 shown in FIG. 2 (N in SA6 shown in FIG. 2), or if it is determined 
in the negative in step SA8 (N in SA8 shown in FIG. 2), then the path detection means 28 determines whether or not 
there is a path within ±1/2 from the reference path and the reception level of the path exceeds the 1/2 chip shifted 
adjacent path detection threshold (SA9 shown in FIG. 3). If it is determined in the affirmative (Y in SA9 shown in FIG. 

so 3), then the path within ±1/2 from the reference path is detected as a probable path, and the number of probable paths 
is counted up by 1 (SA10 shown in FIG. 3). 

[0081] Then, it is determined whether or not the number of detected probable paths equals the number of fingers 
(SA11 shown in FIG. 3). If it is determined in the affirmative (Y in SA11 shown in FIG. 3), the path detecting process 
on the delay profile stored in the storage unit 16 in this case terminates. 
55 [0082] If it is determined in the negative in step SA9 shown in FIG. 3 (N in SA9 shown in FIG. 3), or if it is determined 
in the negative in step SA11 shown in FIG. 3 (N in SA11 shown in FIG. 3), then the path detection means 28 determines 
whether or not there is a path within ±3/4 from the reference path and the reception level of the path exceeds the 1/2 
chip shifted adjacent path detection threshold (SA12 shown in FIG. 3). If it is determined in the affirmative (Y in SA12 
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shown in FIG. 3), then the path within ±3/4 from the reference path is detected as a probable path, and the number of 
probable paths is counted up by 1 (SA13 shown in FIG. 3). 

[0083] Then, it is determined whether or not the number of detected probable paths equals the number of fingers 
(SA14 shown In FIG. 3). If it is determined in the affirmative (Y in SA14 shown in FIG. 3), the path detecting process 
s on the delay profile stored in the storage unit 1 6 in this case terminates. 

[0084] If it is determined in the negative in step SA1 2 shown in FIG. 3 (N in SA1 2 shown in FIG. 3), or if it is determined 
in the negative in step SA14 shown in FIG. 3 (N in SA14 shown in FIG. 3), then a path masking means 30 masks the 
paths within ±3/4 chip from the reference path (SA 15 shown in FIG. 3). 

[0085] When the masking process is performed, the reference path is detected as a probable path, and the number 

10 of probable path is counted up by 1 (SA16 shown in FIG. 3). 

[0086] In the path detection means 28, it is determined whether or not there is a path within ±1/4 chip from the 
reference path and the reception level of the path exceeds the 1/4 chip shifted adjacent path detection threshold B3 
(SA6 shown in FIG. 2). Since the paths within ±1/4 chip from the reference path are detected as probable paths, the 
delay profile is generated as, for example, shown in FIG. 5 (the horizontal axis shown in FIG. 5 indicates time with a 

15 scale indicating 1/4 chip, and the vertical axis indicates a reception level (code correlation value) ) , and the paths B1 
and B2 within ±1/4 chip from the path having the highest reception level are detected as probable paths in the process 
in steps SA6 and SA7. However, no probable paths are detected in the processes in steps SA9 and SA10, or in steps 
SA12and SA13. 

[0087] Thus, since the paths B1 and B2 are detected as probable paths, the reception characteristic can be improved. 

20 [0088] Since it is determined in the negative in step SA9, it is determined in the negative in step SA11, and the 
masking process is performed in step SA15, the shadowed portion shown in FIG. 5 is masked in detecting a path. 
[0089] In addition, the delay profile is generated as, for example, shown in FIG. 6 (the horizontal axis shown in FIG. 
6 indicates time with a scale indicating 1/4 chip, and the vertical axis indicates a reception level (code correlation 
value)), and the path C2 satisfying the above mentioned determination condition within ±1/2 chip from the path (C1) 

25 at the highest reception level is detected as a probable path in the process in steps SA9 and SA1 0, and the path C3 
within ±3/4 chip from the path (C1 ) having the highest reception level and satisfying the above mentioned determination 
condition is detected as a probable path in the processes in steps SA12 and SA13. Therefore, the reception charac- 
teristic can be improved. 

[0090] Since it is determined in the negative in step SA6, and it is determined in the affirmative in step SA9 and the 
30 detection is performed in step SA1 0, and it is determined in the affirmative in step SA1 2 and the detection is performed 
in step SA13, the shadowed portion shown in FIG. 6 is masked in the path detecting process. 
[0091] Thus, it is determined whether or not the number of the detected probable paths equals the number of fingers 
(SA17showninFIG.3). 

[0092] If it is determined in the affirmative (Y in SA17 shown in FIG. 3), the path detecting process terminates. 
35 However, It is normal that it is determined several times in the negative in step SA1 7. 

[0093] When it is determined in the negative in step SA17 (N in SA17 shown in FIG. 3), the highest reception level 
detection means 22 detects a path having the highest reception level but lower than the reception level of the reference 
path, and the path is defined as a new reference path (SA18 shown in FIG. 3). 

[0094] Thus, the path detecting process in steps SA4 to SA1 8 is started on the determined reference path. 
40 [0095] If the determination is made in steps SA8, SA1 1 , and SA1 4, the path detecting process in steps SA4 to SA1 8 
is repeated several times, and it is determined in the affirmative in step SA17, then the path detecting process termi- 
nates, and the detected paths, that is, probable paths are provided for the fingers 1 7. 

[0096] The probable paths are used in despreading in the fingers 17, and the despread signal is provided for the 
rake reception circuit 19 for rake-combination. 
45 [0097] The rake-combined signal is provided for demodulation of received data as in the conventional technology. 
[0098] The comparison of performance between the path detection apparatus of the second well-known reference 
described above in the Description of the Prior Art and the path detection apparatus according to the present invention 
is shown in table 1 below. 



so [Table 1] 



Environment/ 12.2 kbps 
DCH 


Second well-known 
reference [dB] 


First embodiment [dB] 


Improvement of 
characteristic [dB] 


STATIC 


-18.1 


-18.2 


0.1 


CASE1 


-15.3 


-16.0 


0.7 


CASE2 


-7.4 


-8.3 


0.9 
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[Table 1] (continued) 



environment/ i^.^ KDps 
DCH 


Second well-known 
reference [dB] 


First embodiment [dB] 


Improvement of 
characteristic [dB] 


CASE3 


-12.8 


-13.0 


0.2 


MOVING 


-16.2 


-16.6 


0.4 


BIRTH/DEATH 


-13.8 


-13.9 


0.1 



[0099] Table 1 shows the path detection apparatus of the second well-known reference tested in the environment 
regulated on pages 27 to 30 of 3GPP (3rd Generation Partnership Project) TS 25.101 V3.5.0. "UE Radio Transmission 
and Reception (FDD) (Release 1 999)" (issued in December, 2000) (hereinafter referred to as 3GPP) and the BLER 
(block error ratio) of the path detection apparatus according to the present invention; and the extent of the characteristic 
improvement of the BLER of the path detection apparatus according to the present invention to the path detection 
apparatus according to the second well-known reference. 

[0100] The 'Environment @ 1 2.2 kbps DCH' in table 1 refers to the test environment condition of the communications 
speed of 12.2 kbps of a channel DCH defined in 3GPP. The 'STATIC refers to Test 1 in 3GPP, chapter 8.2.3.1 (p.27). 
The 'CASE1 ' refers to Test 1 in 3GPP, chapter 8.3.1 .1 (p.28), the 'CASE2' refers to Test 5 in 3GPP, chapter 8.3.1 .1 (p. 
28), the 'CASE3' refers to Test 9 in 3GPP, chapter 8.3.1 .1 (p.28), the 'MOVING' refers to Test 1 in 3GPP, chapter 8.4.1 .1 
(p.29), and the 'BIRTH/DEATH' refers to Test 1 in 3GPP, chapter 8.5.1 .1 (p.30). 

[0101] Thus, with the configuration according to the embodiment, when the path detecting process is entered with 
the path having the highest reception level in the delay profile defined as the reference path, the mean value of the 
delay profile is multiplied by the path detection threshold coefficient, and the path having the reception level exceeding 
the path detection threshold obtained in the multiplication is defined as a probable path. Therefore, although the inter- 
ference or code correlation by noise and fading raises the reception level, the path having the reception level is not 
misconceived as a probable path, thereby improving the reception characteristic. 

[0102] Furthermore, the path having the successive highest reception level in the delay profile is defined as a refer- 
ence path, the reception level of the reference path is multiplied by the 1/4 chip shifted adjacent path threshold coef- 
ficient to obtain the 1/4 chip shifted adjacent path threshold, and the path within ±1/4 chip from the reference path and 
having the reception level exceeding the 1/4 chip shifted adjacent path threshold is defined as a probable path. There- 
fore, when there is a probable path between two reception level computing times (sampling times), the reception levels 
at the above mentioned two sampling times exceed the 1/4 chip shifted adjacent path threshold, and the path having 
the reception level can be defined as a probable path. 

[0103] The reception characteristic can be improved when the delay profile is the delay profile shown in FIG. 5. 
[0104] Furthermore, the path having the successive highest reception level in the delay profile is defined as a refer- 
ence path, the reception level of the reference path is multiplied by the 1/2 chip shifted adjacent path threshold coef- 
ficient, and the path within ±1/2 chip or ±3/4 chip from the reference path and having the reception level exceeding the 
1/2 chip shifted adjacent path threshold is defined as a probable path. Therefore, a path within 1 chip from the reception 
level computing time, existing in the time area shifted by two or more chip resolution, and exceeding the 1/2 chip shifted 
adjacent path threshold coefficient can be defined as a probable path. 

[0105] The reception characteristic can be improved when the delay profile is the delay profile shown in FIG. 6. 
[0106] FIG. 7 shows the electric configuration of the path detection apparatus in the CDMA reception device accord- 
ing to a second embodiment of the present invention. FIG. 8 is a flowchart showing a part of the process procedure of 
the path detection apparatus. FIG. 9 is a flowchart showing the rest of the process procedure of the path detection 
apparatus. FIG. 10 shows an example of a delay profile generated by the path detection apparatus. 
[0107] The configuration according to the embodiment is different from the first embodiment in that an unconditional 
mask threshold is computed from the mean value of the delay profile, and the unconditional mask threshold is provided 
in detecting a path. 

[0108] That is, a fourth multiplication means 32 for computing an unconditional mask threshold by multiplying a mean 
value output by the mean value computation means 18 of the first embodiment by an unconditional mask threshold 
coefficient is provided. 

[01 09] The unconditional mask threshold coefficient is externally provided as a parameter, and is determined by the 
reception characteristic of the CDMA reception device to exclude the path which is misconceived in the path detecting 
method with the configuration of the CDMA reception device according to the first embodiment. An example of com- 
puting the unconditional mask threshold coefficient is given below using a value determined by the simulation of the 
reception characteristic with the circuit scale of the CDMA reception device taken into account. That is, the path de- 
tection threshold coefficient is 8. 
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[0110] Therefore, a path detection means 2 to 28 in the embodiment detects a path with the unconditional mask 
threshold in the path detection condition according to the first embodiment taken into account, and provides a probable 
path for the finger 1 7. 

[01 1 1 ] That is, as in the first embodiment, the path detection means 2-28 first determines whether or not the reception 
5 level of the reference path exceeds the path detection threshold, performs the path detecting process as in the first 
embodiment if there is a path within ±3/4 chip from the reference path and the reception level of the path exceeds an 
unconditional mask threshold, and immediately performs a masking process on a path within ±3/4 chip from the ref- 
erence path if the reception level does not exceed it, thereby performing the path detecting process of detecting the 
reference path as a probable path. 
10 [01 1 2] The configuration of each portion of the embodiment excluding the above mentioned configuration is the same 
as that of the first embodiment. Therefore, each portion is assigned the same reference code as the first embodiment, 
and the detailed explanation is omitted here. 

[0113] The operation of the embodiment is described below by referring to FIGS. 7 to 1 0. 

[0114] The operation according to the embodiment is the same as the operation according to the first embodiment 
is except the following two differences. 

[01 1 5] The first difference is that after a mean value of the delay profile is computed by the mean value computation 

means 18, the fourth multiplication means 32 computes an unconditional mask threshold from the mean value (step 

SB1 shown in FIG. 8). In step SB1 , as in the first embodiment, a path detection threshold is also computed. 

[0116] The second difference is that after the second multiplication means 24 computes the 1/4 chip shifted adjacent 
20 path detection threshold, and the third multiplication means 26 computes the 1/2 chip shifted adjacent path detection 

threshold, it is determined whether or not there is a path within ±3/4 chip from the reference path and the reception 

level of the path exceeds an unconditional mask threshold (SB2 shown in FIG. 8). 

[0117] The path detecting process according to the embodiment except these differences is described by referring 
to the first embodiment. Therefore, in step SB1 which is the difference from the first embodiment, an unconditional 

25 mask threshold is computed. In step SB2, the determination as to whether or not a path within ±3/4 chip from the 
reference path and having the reception level exceeding an unconditional mask threshold is explained below. 
[0118] The mean value computed by the mean value computation means 1 8 is multiplied by the unconditional mask 
threshold coefficient by the fourth multiplication means 32, and the unconditional mask threshold is output by the fourth 
multiplication means 32 (SB1 shown in FIG. 8). The output unconditional mask threshold is provided for the path 

30 detection means 2 to 28. 

[0119] If the reception level of the reference path exceeds the path detection threshold (Y in SA4 shown in FIG. 8), 
and after the 1 /4 chip shifted adjacent path detection threshold and the 1/2 chip shifted adjacent path detection threshold 
are computed (SA5 shown in FIG. 8), it is determined whether or not the reception level of the path within ±3/4 chip 
from the reference path exceeds the unconditional mask threshold (SB2 shown in FIG. 8). 

35 [0120] If it is determined in the negative in step SB2 (N in SB2 shown in FIG. 8), then the process in step SA15, that 
is, the masking process on the path within ±3/4 chip from the reference path, is immediately performed (SA15 shown 
in FIG. 8), and the reference path is detected as a probable path (SA1 6 shown in FIG. 8). 

[0121] However, if it is determined in the affirmative in step SB2 (Y in SB2 shown in FIG. 8), then the path detecting 
process according to the first embodiment is entered, that is, the process in step SA6 is entered. 
40 [0122] The process from step SA6 to step SA1 8 shown in FIG. 8 is the same as that according to the first embodiment. 
Therefore, refer to the corresponding explanation in the first embodiment. 

[0123] The advantage obtained using the unconditional mask threshold is described below by referring to FIG. 10. 
[0124] Assume that the delay profile stored in the storage unit 1 6 is, for example, the delay profile as shown in FIG. 
10. The horizontal axis shown in FIG. 10 indicates time with a scale indicating 1/4 chip resolution. The vertical axis 
45 indicates a reception level (code correlation value). 

[0125] Assume that the reception level of the path D1 in a timing 1 60 of the 1/4 chip resolution described on the axis 
shown in FIG. 10 is detected as a probable path. 

[0126] If there is only the path detecting process according to the first embodiment, and the peaks of the paths D2 
and D3 appear near the path D1 by interference of noise and fading with the path D1 having a relatively low reception 
so level, then it is determined in steps SA6 and SA9 that these peaks exceed the 1/4 chip shifted adjacent path detection 
threshold B3 and the 1/2 chip shifted adjacent path detection threshold C4, thereby detecting the paths D2 and D3 as 
probable paths (SA7 shown in FIG. 8 and SA10 shown in FIG. 9). 

[0127] Detecting a number of paths having relatively low reception levels as probable paths lowers the reception 
characteristic. 

55 [0128] Although the delay profile provided in the path detecting process is a delay profile in which one or more paths 
close to the reference path having relatively low reception levels are detected as probable paths, the masking process 
is performed on the paths within ±3/4 chip from the reference path (SA1 5 shown in FIG. 9) if the reception level of the 
paths within ±3/4 chip from the reference path is equal to or lower than the unconditional mask threshold (D4 shown 
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in FIG. 10) (N In SB2 shown in FIG. 8), and the reference path is detected as a probable path (SA16 shown in FIG. 
9), thereby preventing the paths D2 and D3 from being detected as probable paths. As a result, the reception charac- 
teristic can be improved. 

[0129] Furthermore, it is determined in the negative on the reference path D1 in step SB2, and the masking process 
5 is performed on the negated reference path (SA15 shown in FIG. 9), and the reference path D1 is detected as a 
probable path (SA16 shown in FIG. 9), thereby masking the shadowed portion in detecting a path as shown in FIG. 1 0. 
[0130] Thus, with the configuration according to the present invention, although the reception level of the reference 
path exceeds the path detection threshold, it is further determined (hereinafter referred to as unconditional mask de- 
termination), whether or not the reference path exceeds the unconditional mask threshold. If the unconditional mask 
io determination is affirmative, the path detecting process as in the first embodiment is entered. However, if the uncon- 
ditional mask determination is negative, the masking process is performed on the paths within ±3/4 chip from the 
reference path so that the reference path can be detected as a probable path. Therefore, although the delay profile 
used in the path detecting process is the delay profile in which one or more paths close to the reference path having 
relatively low reception levels (hereinafter referred to as vicinal paths) can be detected as probable paths, the vicinal 
w paths are excluded from probable paths, and only the reference path can be detected as a probable path, 

[0131] As a result, depending on the fluctuation of electric wave propagation, the reception characteristic can be 
improved much more than in the first embodiment. 

[0132] FIG. 11 shows the electric configuration of the path detection apparatus in the CDMA reception device ac- 
cording to a third embodiment of the present invention. 

20 [0133] The configuration of the embodiment is quite different from the configuration of the first and second embod- 
iments in that the process procedures performed by the mean value computation means 18, the first multiplication 
means 20, the highest reception level detection means 22, the first multiplication means 24, the second multiplication 
means 26, the path detection means 28, and the path masking means 30 according to the first embodiment, or the 
mean value computation means 18, the first multiplication means 20, the highest reception level detection means 22, 

25 the first multiplication means 24, the second multiplication means 26, the path detection means 2-28, the path masking 
means 30, and the fourth multiplication means 32 according to the second embodiment are configured by a program, 
and the program is executed by hardware to realize each of the above mentioned process procedures. 
[0134] That is, the program describing the above mentioned process procedures is stored in control memory 34. If 
the control memory 34 is volatile memory, the program is stored in the non-volatile storage device such as a magnetic 

30 disk device, etc., read to the volatile memory from the non-volatile storage device when the CDMA reception device 
is operated, and used in the execution by a general-purpose DSP 36. 

[0135] When the CDMA reception device is operated, the general-purpose DSP 36 reads a program from the control 
memory 34, and the execution unit, that is, a path detection unit 3-28, executes the program. Thus, the path detection 
unit 3-28 performs the path detecting process according to the process procedure shown in FIGS. 2 and 3 described 
35 by referring to the first embodiment. 

[0136] The path detection unit 3-28 outputs a probable path as in the first and second embodiments, and the probable 
paths are provided for the fingers 17 (not shown in FIG. 11). 

[0137] The configuration of each unit according to the embodiment other than the above mentioned configuration is 
the same as .the configurations according to the first and second embodiments. Therefore, each of the units is assigned 
40 the same reference numeral as in the first or second embodiment, and the detailed explanation is omitted here. 
[0138] The operation of the embodiment is described below by referring to FIG. 11 . 

[0139] As described above in the first embodiment, when a received signal and a timing signal are provided for the 
despreading means 12, and when the spread code replica generation means 14 provides a spread code replica for 
the despreading means 1 2, the despreading means 1 2 despreads the received signal at each time of the timing signal, 
45 and sequentially generates the reception level configuring a delay profile. The sequentially generated reception levels 
are sequentially stored in the storage unit 16. 

[0140] After storing the reception levels in the storage unit 16, the program for executing the process procedure 
(FIGS. 2 and 3) described in the first embodiment or the process procedure (FIGS. 8 and 9) described in the second 
embodiment by the general-purpose DSP 36 is read from the control memory 34 by the path detection unit 3-28 of the 
so DSP 1 6 and executed by the path detection unit 3-28, the reception level of the delay profile stored in the storage unit 
16 is read from the storage unit 16 to the path detection unit 3-28 of the general-purpose DSP 36, and is used in 
detecting a path by the path detection unit 3-28. 

[0141] A probable path obtained as a result of detecting a path by the path detection unit 3-28 is provided for the 
fingers 17 described in the first or second embodiment, and a signal (demodulated signal) obtained by despreading a 
55 received signal is provided for the rake reception circuit 1 9. 

[0142] Thus, with the configuration of the embodiment, the operation effect obtained in the first or second embodiment 
can also be obtained. 

[0143] The embodiments of the present invention have been described above by referring to the attached drawings, 
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but the practical configuration of the present invention is not limited to the above mentioned embodiments, but any 
change in design within the scope of the gist of the present invention can be included in the present invention. 
[0144] For example, each component of the first and second embodiments can be either a hardware configuration 
or a software configuration. For example, the mean value computation means 1 8 can be either a mean value compu- 

5 tation circuit or a mean value computation program. This holds true with the highest reception level detection means. 
[0145] According to the first embodiment, the process in steps SA6 and SA7 shown in FIG. 2, the process in steps 
SA9 and SA10 shown in FIG. 3, and the process in steps SA12 and SA13 are all included, but one of these three 
processes can realize the present invention independently or in combination with any of them. 
[01 46] This holds true with the second embodiment. 

10 [0147] In the first or second embodiment, the number of detected probable paths can be larger than the number of 
fingers. 

[0148] Furthermore, the present invention can be realized with the chip resolution enhanced and the number of 
processes corresponding to the above mentioned three processes increased. 

[0149] The shift from the reference path in this case can be the basic unit time which is a significant path detecting 
15 time for the improvement of the reception characteristic, or each of the predetermined time in the time exceeding the 
basic unit time. The value of a predetermined time can be a multiple of a natural number by which the chip resolution 
is multiplied. The basic unit time or the value of the time exceeding the basic unit time can be used for the value of the 
predetermined time. 

[0150] The 1/4 chip shifted adjacent path detection threshold coefficient and the 1/2 chip shifted adjacent path de- 
20 tection threshold coefficient can be replaced with the path detection threshold coefficient in the chip and at a time 
shifted by a time determined by another chip resolution. 

[0151] In the path masking means, another masking range in the chip or another masking range beyond the chip 
can be applied. 

[0152] In any of the embodiments, the above mentioned probable paths can be applied to the fingers 1 7 to generate 
25 the demodulated signal to be provided for a rake reception circuit, but the demodulated signal generated in the finger 
17 can be received by the above mentioned probable paths to be provided for the rake reception circuit 19. 
[0153] As described above, with the configuration according to the present invention, a mean value of the delay 
profile can be multiplied by a path detection threshold coefficient, and a path having the reception level exceeding the 
path detection threshold obtained in the multiplication is defined as a probable path. Therefore, although the reception 
30 level is high by the interference or code correlation by noise and fading, a path having the reception level is not mis- 
conceived as a probable path, thereby improving the reception characteristic. 

[0154] Furthermore, a path up to the path detecting time shifted by a predetermined time shorter than the path 
detecting time significant for improvement of the reception characteristic from the detecting time of a reference path, 
and a path having the reception level exceeding the path detection threshold at the path detecting time shifted by the 

35 predetermined time from the path reception level is defined as a probable path. Therefore, in comparison with the case 
where the path in the path detecting time is masked, a larger number of probable paths can be detected. 
[0155] For example, although there is a peak between two path detecting times (sampling time) , the path within ±1 
from the path detected as the probable path can be defined as probable paths if the reception level at the above 
mentioned two path detecting times exceeds the path detection threshold. 

40 [0156] Furthermore, the paths at a time within ±m (m indicates a natural number determined by the resolution when 
a delay profile is generated, m > 1) sampling times from the path detecting time (sampling time) at which a probable 
path is detected, and within the path detecting time can be detected as a probable path. 
[0157] Therefore, the reception characteristic can be improved. 

[0158] Furthermore, a mean value of the delay profile is multiplied by an unconditional mask threshold coefficient, 
is and a path having, a reception level exceeding the unconditional mask threshold obtained by the multiplication is 
defined as a probable path. Therefore, one or more paths close to the reference path having relatively low reception 
levels are excluded from probable paths, and only the reference path can be detected as a probable path. 
[0159] Therefore, depending on the electric wave propagation fluctuation, the improvement of the reception charac- 
teristic is further expected. 

50 [0160] Although the invention has been described with reference to specific embodiments, this description is not 
meant to be construed in a limiting sense. Various modifications of the disclosed embodiments will become apparent 
to persons skilled in the art upon reference to the description of the invention. It is, therefore, contemplated that the 
appended claims will cover any modifications or embodiments as fall within the true scope of the invention. 

55 

Claims 

1. A path detection apparatus for use in a CDMA reception device, comprising: 
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storage means for storing a delay profile; and 

path detection means for detecting a path by reading said delay profile from said storage means, and per- 
forming a rake-combining process based on said read delay profile, wherein 
said path detection means comprises: 

reference path detection means for detecting a reference path for detection of a probable path based on 
said delay profile read by said storage means; and 

detection means for detecting as a probable path in the rake-combining process a path existing in a path 
detecting time in which reception characteristic of said CDMA reception device can be improved from the 
detecting time of said reference path detected by said reference path detection means. 

The path detection apparatus in the CDMA reception device according to claim 1 , wherein 

when a total number of probable paths detected when paths having sequentially higher reception levels in 
said delay profile are defected sequentially as reference paths does not reach a predetermined number of probable 
paths, said reference path detection means detects as a reference path a path having a second highest reception 
level next to a highest reception level of the reference path last detected at a time shifted before or after a detecting 
time of the last detected reference path. 

The path detection apparatus in the CDMA reception device according to claim 1 , wherein 

said path detecting time is a predetermined value shorter than a basic unit time of despreading said received 
signal. 

The path detection apparatus in the CDMA reception device according to claim 1 , wherein 

said detection means detects a probable path on condition that said reception level of said reference path 
exceeds a path detection threshold obtained by multiplying a mean value of said delay profile by a path detection 
threshold coefficient. 

The path detection apparatus in the CDMA reception device according to claim 1 , wherein 

said detection means detects a probable path on condition that a path is detected before a time a predeter- 
mined time shifted from said detecting time of said reference path, and that said reception level of the path exceeds 
a first path detection threshold obtained by multiplying said reception level of said detected reference path by a 
first path detection threshold coefficient at a time shifted by said predetermined time. 

The path detection apparatus in the CDMA reception device according to claim 1 , wherein 

said detection means detects a probable path on condition that said reception level of said reference path 
exceeds an unconditional mask threshold obtained by multiplying a mean value of said delay profile by an uncon- 
ditional mask threshold coefficient. 

The path detection apparatus in the CDMA reception device according to claim 1 , wherein 

said detection means detects a probable path on condition that a path is detected at a time shifted longer 
than said predetermined time from said detection time of said reference path and shorter than said path detection 
time, and that said reception level of the path exceeds a first path detection threshold obtained by multiplying said 
reception level of detected reference path by a first path detection threshold coefficient at a time shifted by said 
predetermined time. 

The path detection apparatus in the CDMA reception device according to claim 1 , wherein 
said detection means is configured as a combination of a part or all of: 

first detection means for detecting a probable path when a reception level of said reference path exceeds said 
path detection threshold; 

second detection means for detecting a probable path when said reception level of said reference path exceeds 
said nconditional mask threshold; 

third detection means for detecting a probable path when the path is detected before a time shifted by said 
predetermined time, and reception level of the path exceeds said first path detection threshold; and 
fourth detection means for detecting a probable path when there is a path at a time shifted longer than said 
predetermined time and shorter than the path detection time, and when the reception level of the path exceeds 
said first path detection threshold. 
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9. The path detection apparatus in the CDMA reception device according to claim 5, 6, 7, or 8, wherein 

said predetermined time is 1/4 of said basic unit time. 

10. The path detection apparatus in the CDMA reception device according to claim 5, 6, 7, or 8, wherein 

said predetermined time is 1/2 of said basic unit time. 

11. The path detection apparatus in the CDMA reception device according to claim 4 or 8, wherein 

said path detection threshold coefficient is 3.75. 

12. The path detection apparatus in the CDMA reception device according to claim 5 or 8, wherein 

said first path detection threshold coefficient is 0.9375. 

13. The path detection apparatus in the CDMA reception device according to claim 5 or 8, wherein 

said first path detection threshold coefficient is 0.625. 

14. The path detection apparatus in the CDMA reception device according to claim 6 or 8, wherein 

said unconditional mask threshold coefficient is 8. 



15. The path detection apparatus in the CDMA reception device according to claim 7 or 8, wherein 

a time longer than said predetermined time and shorter than said path detecting time is 3/4 of said basic unit 

time. 



EP 1 289 161 A2 




CO 



% 

^ i3 



UJO 



o 



lULCCO 



DESPREADING 
MEANS 




SPREAD CODE 
REPLICA 
GENERATION 
MEANS 





50 

in X 

QI 
<•- 
QZ 
LUO 

Of uj 



EP 1 289 161 A2 



( START ) 



COMPUTING MEAN VALUE OF DELAY 
PROFILE 



COMMUTING PATH DETECTION THRESHOLD 
FROM MEAN VALUE OF DELAY PROFILE 



DETECTING PATH HAVING HIGHEST 
RECEPTION LEVEL FROM DELAY PROFILE 
AS REFERENCE PATH 



SA1 



SA2 



SA3 



IS RECEPTION 
LEVEL OF REFERENCE PATH 
HIGHER THAN PATH DETECTION 
THRESHOLD? 



SA4 



YES 



COMMUTING 1/4 CHIP SHIFTED ADJACENT 
PATH; DETECTION THRESHOLD AND 1/2 
CHIP SHIFTED ADJACENT PATH DETECTION 
THRESHOLD FROM RECEPTION LEVEL OF 
REFERENCE PATH 



SA5 



IS PATH WITHIN ±1/4 
"CHIP FROM REFERENCE PATH AND^ 
RECEPTION LEVEL OF PATH LARGER 
THAN 1/4 CHIP SHIFTED ADJACENT 
PATH DETECTION 
THRESHOLD? 



SA6 



YES 



DETECTING PATH WITHIN ±1/4 CHIP FROM 
REFERENCE PATH AS PROBABLE PATH 



SA7 



HAVE PROBABLE 
PATHS BEEN DETECTED FOR 
RESPECTIVE FINGERS? 



SA8 



YES 



FIG. 2 



( END ) 



EP 1 289 161 A2 



IS PATH 
WITHIN ±1/2 



SA9 



CHIP FROM REFERENCE 
PATH AND RECEPTIO'N LEVEL OF 
.PATH LARGER THAN 1/SjCHIP SHIFTED. 
.ADJACENT PATH DETECTION, 
THRESHOLD? 



NO 



YES 



SA10 



DETECTING PATH WITHI»fl ±1/2 CHIP 
FROM REFERENCE PATH AS PROBABLE 
PATH 



SA11 



HAVE PROBABLE 
PATHS BEEN DETECTED 
FOR RESPECtlVE 
FINGERS? 



YES 



SA12 



IS PATH 
WITHIN ±3/4 
CHIP FROM REFERENCE 
PATH AND RECEPTION LEVEL OF 
.PATH LARGER THAN 1/2 CHIP SHIFTED 
^ADJACENT PATH DETECTION 
THRESHOLD? 



YES 



SA13 



DETECTING PATH WITHIN ±3/4 CHIP 
FROM REFERENCE PATHj AS PROBABLE 
PATH 



SA14 



HAVE PROBABLE 
PATHS BEEN DETECTED 
FOR RESPECTIVE 
FINGERS? 

[no 



YES 



SA15 



MASKING PATHS WITHIN ±3/4 CHIP 
FROM REFERENCE PATH 



/SA 16 



DETECTING REFERENCE PATH AS 
PROBABLE PATH 



SA17 



HAVE PROBABLE 
PATHS BEEN DETECTED 
FOR RESPECTIVE 
.FINGERS?^ 



YES 



SA18 



DETECTING PATH HAVING 
RECEPTION LEVEL SECOND 
HIGHEST FOLLOWING REFERENCE 
PATH, AND DEFINING IT AS 
REFERENCE PATH 



0 C 



END 



FIG. 3 



( END } 



EP 1 289 161 A2 




TIME 



FIG. 4 



B1 



B2 



B3 



1 — * — ' — »"-- 
t 1 1 
i t it: 
it i '| 
i i i 
i i i ; ; 
i i i 


1 1 r 

j | j| 


■ il 

III i 


I 
i 

i 


■i 


- - y - - 1 - - -i - - 1 
i i i 
i i i 
i i i 
i i i 
i i i 
i i i 


i 


Till 






— 1 — 








ii ii 
i i i 
i i i ., 
i i i . 
i i i 
j i i I 




mm 


! 

i SS8 


■ i 


i i i 
i i i 
i i i 
i i i 
i i i 
i ii 




i i i *• 

i i i ; 
i t i .i 
i i i '; 
i i it 
i i i 1 

1 1 IK 


! ! ! 83 

ill ft*»'< 

! ! J $>i 

I J I •:*:*:■ 


lllll 


; ::::: : :v:;:<:>:fc::J::::: ; 


i i i 

i t i 
i i t 
i i t 
i i i 
i i i 
i i i 




1 1 1 

1 1 1 •! 

1 1 1 . 
1 t 1 
i I I : 

1 1 1 . 
t l 1 


\ i i w5 


J :;S;:-S:;:|:i;$^:;i j 


i i i 
i i i 
i i i 
i t i 
i i i 
t i i 




i ■ l . 
i 1 l • 
I i I., 
i i I :| 
i i l !• 

1 1 1 ! 


— i — ■ — Hjji$ 
— 1 — ! — Ui 


Si 


i 

! 


m 


i i i 
i i i 
i i i 
i i i 
i i i 
i i i 




1 1 

: : : 

1 T^-j • ( 


! ! ! '••' > 

J i 1 X'X 


A ' \ 
mm 


» 
i 

i 'S*:': 
i :•:•:•> 
i 


m\ 

«*k«:*>5>>: iV 
! ^ 


i i i 
i t i 
i i i 

-^7 i i 
■ ii 


! ! T i 



149 



153 



157 



161 



165 169 
TIME - 



173 



FIG. 5 



EP 1 289 161 A2 




TIME 



FIG. 6 



EP 1 289 161 A2 



00 
CM 



SfcjLU 
HQS 



CM 
CM 



O 
£22 



Z 

ll 

OO 
LULU 

ft 
XZj2 



CO 



CO 
CM 




CM 



LXJ 



CM 



Y 



o 

2 

Q 
< 
LU 

oc CO 
OS 



LU 

Q Z 

o o 

o p 

<O0?C0 
uJljUJZ 

(TQ.Z< 
Q. LU LU UJ 

CO CEOS 



<£ 
QI 
<H- 
DZ 
LUO 

— Ou. 
Stu. 

OftLU 



CD 

LL 



EP 1 289 161 A2 



( START ) 



SA1 



COMPUTING MEAN VALUE OF 
DELAY PROFILE 



SB1 



COMPUTING PATH DETECTION 
THRESHOLD AND UNCONDITIONAL 
MASK THRESHOLD FROM MEAN 
VALUE OF DELAY PROFILE 



SA3 



DETECTING PATH HAVING HIGHEST 
RECEPTION LEVEL FROM DELAY 
PROFILE AS REFERENCE PATH 



IS 

reception: 
level of reference 
path higher than 
path detection 
jhreshold?, 



SA4 



^ -SB2 

IS PATH 
'WITHIN ±3/4 CHIP FROM 
IEFERENCE PATH AND RECEPTION^ 
LEVEL OF PATH LARGER THAN 
.UNCONDITIONAL MASK 
.THRESHOLD? 

YES 

ISPATH\,' SA6 
"WITHIN ±1/4CHir 
FROM REFERENCE PATH 
AND RECEPTION LEVEL OF PATH 
LARGER THAN 1/4 CHIP SHIFTED 
JACENT PATH DETECTION. 
THRESHOLD? 



COMPUTING 1/4 CHIP SHIFTED 
ADJACENT PATH DETECTION 
THRESHOLD AND 1/2 CHIP SHIFTED 
ADJACENT PATH DETECTION 
THRESHOLD FROM RECEPTION 
LEVEL OF REFERENCE PATH 



YES 



L 



SA7 



DETECTING PATH WITHIN ±1/4 CHIP 
FROM REFERENCE PATH AS 
PROBABLE PATH 



YES 




FIG. 8 



EP1 289161 A2 



ISPATH]V ^SA9 
WITHIN ±1/2 
CHIP FROM REFERENCE 
PATH AND RECEPTION LEVEL OF 
J>ATH LARGER THAN 1/2jCHIP SHIFTED 
JJXIACENTPATH DETECTION 
THRESHOLD? 



0 



NO 



YES 



SA10 



DETECTING PATH WITHIN ±1/2 CHIP 
FROM REFERENCE PATH AS PROBABLE 
PATH 



SA11 



HAVE PROBABLE 
PATHS BEEN DETECTED 
FOR RESPECTIVE 
FINGERS? 



NO 



SA12 



IS PATH; 
WITHIN ±3/4 
CHIP FROM REFERENCE 
PATH AND RECEPTION LEVEL OF 
.PATH LARGER THAN 1/2 CHIP SHIFTED 
^ADJACENT PATH DETECTION 
THRESHOLD? 



YES 



SA13 



DETECTING PATH WITHIN ±3/4 CHIP 
FROM REFERENCE PATH AS PROBABLE 
PATH 



SA14 



HAVE PROBABLE 
PATHS BEEN DETECTED 
FOR RESPECTIVE 
FINGERS? 

ND 



SA15 



MASKING PATHS WITHIN ±3/4 CHIP 
FROM REFERENCE PATH 



Z 



SA16 



DETECTING REFERENCE PATH AS 
PROBABLE PATH 



SA17 



HAVE PROBABLE 
PATHS BEEN DETECTED 
FOR RESPECTIVE 
LINGERS?. 



YES 



NO / 



SA18 



DETECTING PATH HAVING 
RECEPTION LEVEL SECOND 
HIGHEST FOLLOWING REFERENCE 
PATH, AND DEFINING IT AS 
REFERENCE PATH 



0 C 



END 



FIG. 9 



( END } 



EP 1 289 161 A2 




TIME 

FIG. 10 



12 
J— 



DESPREADING 
MEANS 



J14 



SPREAD CODE REPLICA 
GENERATION MEANS 



16 



STORAGE 
UNIT 



FIG. 11 



36 



FINGER 



r 



PATH 

DETECTION 
UNIT 



3-28 



1 



34 



CONTROL 
MEMORY 



EP 1 289 161 A2 



4500 
4000 
3500 
3000 
2500 
2000 
1500 
1000 
500 
0 













































































































































































it 






h — < 


y — i 


} — 1 


- — 1 


1 — " 


» — i 




1 ♦ 

I 



1 



9 13 
TIME 



FIG. 12 PRIOR ART 



EP 1 289 161 A2 



z 
O 



LUUIr? 

<luE 

CCQCO 



00 
C\J 
i 



LU 

2 
LL- 



CS 

SCO 

CL25 



8 



Z 

o 

CO 

£5 
zo 
|OE 
:oo 



Is 



XUlCCO 



CM 
CM 



CL O 



Is 

LUt- 
UJ — 1 7 



CO 



Ul 

el 



CM 



US 

DC CO 
O-Z 
CO < 
LULU 

OS 



I- 

Lt 
< 

CC 

o 

oc 

Cl 

CO 

(3 
LL 



III 

Q Z 

O O 

O p 

<oSco 

LUZjUJZ 

0CQ-Z< 
q_ LU LU LU 

C0CCO2 



EP1 289 161 A2 



( START ) 
± 



DETECTING PATH HAVING HIGHEST 
RECEPTION LEVEL FROM DELAY PROFILE AS 
REFERENCE PATH 



SC1 



MASKING PATHS WITHIN ±3/4 CHIP FROM 
REFERENCE PATH 



DETECTING REFERENCE PATH AS PATH TO 
BE PAKE- COMBINED 



SC2 



.SC3 



SC4 



DETECTING 
PATHS TO BE 
RAKE- COMBINED FOR 
RESPECTIVE 
LINGERS?. 

NO 



YES 



SC5 



DETECTING PATH HAVING RECEPTION LEVEL 
SEC0ND HIGHEST FOLLOWING REFERENCE 
PATH, AND DEFINING IT AS REFERENCE PATH 



( END ) 



LU 
UJ 



O 

Q_ 
UJ 

& 



4500 
4000 
3500 
3000 
2500 
2000 
1500 
1000 
500 



FIG. 14 PRIOR ART 



F4 




F3 



F5 



1 



!! 101 



201 



301 



401 



501 



TIME 



FIG. 15 PRIOR ART 



EP 1 289 161 A2 



H 

D 

O 
DC 

o 
z 
o 

t 

ID 

o 

LLi 

DC 

LU 
< 



10 



CC 
LU 

o 



z 
g 

CO 

cch 

io 



CD 
CO 



03 H 
CO^D 



I- 

lu<2. 
<coz 



CO 
CD 



CO 



Q. 

CO 
Q 



O 

h 

s 

it 

ccz 



CM 
CO 



O 



CM 



olulu 

OQ.Q 



. _iccy 
iuccoqz 

OQ.Q.O 



O 
CO 



CC 

J 

?DC 
OCC 
□ O 
COO 



CO 



>-. 



> 



^0CUJ=: 
ILLOCO 



0>: 

11 

OS 



I- 

CC 
< 

DC 

o 

CC 
Q. 

CO 

d 

LL 



EP 1289 161 A2 



Q START ^ 





SEARCHING FOR LARGEST VALUE 








STORING DETECTED PEAK POSITION 






MASKING DATA OF DETECTED HIGHEST 
PEAK PORTION WITH 0 



SD1 



SD2 



SD3 



,SD4 



NO 



IS DETECTION 
OF SPECIFIED NUMBER OF 
CORRELATION PEAKS 
COMPLETED? 



,YES 



END 



FIG. 17 PRIOR ART 



EP 1 289 161 A2 





LU 

Q Z 

o o 

o p 

Q<< 

<otrco 

UJZJUiZ 
CCQ.Z< 
q. UJLUUJ 



EP 1 289 161 A2 



( START ) 



DETECTING HIGHEST RECEPTION LEVEL AND 
LOWEST RECEPTION LEVEL FROM DELAY 
PROFILE, MULTIPLYING EACH LEVEL BY 
CONSTANT , AND COMPUTING TWO 
THRESHOLDS 



SE1 



DETECTING PATH HAVING HIGHEST 
RECEPTION LEVEL FROM DELAY PROFILE AS 
REFERENCE PATH 



SE2 



SE3 



IS RECEPTION 
LEVEL OF REFERENCE PATH 
LARGER THAN TWO 
THRESHOLDS? 



YES 



MASKING PATHS WITHIN ±3/4 CHIP FROM 
REFERENCE PATH 



DETECTING REFERENCE PATH AS PATH TO 
BE RAKE- COMBINED 



SE6 



DETECTING 
PATHS TO BE RAKE- COMBINED 
FOR RESPECTIVE 
FINGERS? 

NO 



YES 



SE7 



DETECTING PATH HAVING RECEPTION LEVEL 
SECOND HIGHEST FOLLOWING REFERENCE 
PATH, AND DEFINING IT AS REFERENCE PATH 



( END ) 



FIG. 19 PRIOR ART 



EP 1 289 161 A2 




FIG. 20 PRIOR ART 



EP 1 289 161 A2 




TIME 

FIG. 21 PRIOR ART 



6000 
5000 

us 4000 

UJ 

2 3000 

o 

gj 2000 
o 

UJ 

cc 1000 




r — — — 








I- 


i 


12 

s liPi 


1 

is*/ 


3 
























rggNi 

Jm 


f 






























































































, pp 


■A* 
>>: 
































1 


«! 
: mmm 


1 ! 












^ i — » 

1 T 
■ i 


153 157 161 165 169 17 



TIME 

FIG. 22 PRIOR ART 



